Abstract The ring-cupped oaks (Quercus subg. Cyclobalanopsis) characterized by united and concentric ringcupped acorns, are mainly distributed in broad-leaved evergreen forests in tropical and subtropical regions of East and Southeast Asia. Their geological history has been traced from the middle Eocene to Pleistocene. Most reports of the subgenus have been on the basis of leaves, whereas the acorns or cupules, more valuable evidence for the interand intrageneric classifications, have been relatively poorly documented. Here, we describe a new species, Quercus shangcunensis sp. nov., based on a ring-cupped fossil acorn and pollen on the acorn, as well as Quercus sp. associated leaves, recovered from the early Oligocene Shangcun Formation of Maoming Basin, Guangdong Province, South China. The morphological and anatomical structures of these fossils confirm their attribution to the subg. Cyclobalanopsis. Quercus shangcunensis sp. nov. represents the world's first Oligocene fossil acorn and the earliest fossil acorn in China for the subgenus, indicating that the subg. Cyclobalanopsis arrived in the low latitude area of South China at least by the early Oligocene. Our fossil provides evidence that the subgenus was present in one of its modern distribution centers in the Oligocene, suggesting that the modern distribution patterns of the subg. Cyclobalanopsis most likely originated during or prior to the Oligocene.
Introduction
Fagaceae is one of the largest and most economically important groups within the order Fagales with approximately 927 species, and is widely distributed in temperate, subtropical and tropical regions of both the Northern and Southern hemispheres (Christenhusz & Byng, 2016) . The family is divided into 10 genera, including Fagus L., Trigonobalanus Forman, Formanodendron Nixon & Crepet, Colombobalanus Nixon & Crepet, Chrysolepis Hjelmqvist, Lithocarpus Blume, Castanopsis (D. Don) Spach, Castanea Miller, Quercus L., and Notholithocarpus Manos, Cannon & S. H. Oh ( Fig. 1 ; LarsonJohnson, 2016) . The subdivisions of the family are strongly supported by both morphological and molecular data (Luo & Zhou, 2002; Deng, 2007) . The Southern Hemisphere genus Nothofagus, historically included in the Fagaceae, is now placed in the separate family Nothofagaceae (Cronquist, 1981; Takhtajan, 1997; Judd et al., 2008; Angiosperm Phylogeny Group, 2009) .
Quercus (or oaks) with 400-600 living species of evergreen and deciduous trees and sometimes shrubs, is mainly distributed in temperate and subtropical montane regions of the Northern Hemisphere. It also occurs in the Southern Hemisphere in northern South America and Indonesia (Camus, 1936 (Camus, -1954 Nixon, 1993; Huang et al., 1999; Deng et al., 2008; Xing et al., 2013) . The subdivision of the genus has been highly disputed (Jones, 1986; Manos et al., 2001) . The major controversy is focused on the status of Cyclobalanopsis Oerst. Cyclobalanopsis was formerly treated as a separate genus (Schottky, 1912; Brett, 1964; Chun & Huang, 1998; Huang et al., 1999; Deng et al., 2006) . However, most taxonomists treat subg. Cyclobalanopsis as a subgenus within Quercus (Camus, 1936 (Camus, -1938 Banett, 1944; Menitsky, 1984 Menitsky, , 2005 Zhou, 1992a Zhou, , 1992b Zhou, , 1993 Zhou et al., 1995; Govaerts & Frodin, 1998; Luo & Zhou, 2001a , 2001b , 2002 . In this study, we also consider it as a subgenus. The subgenus Cyclobalanopsis is suggested to be comparatively primitive within the genus Quercus based on leaf architecture, embryological and acorn morphology characters, and nuclear internal transcribed spacer sequences (Luo & Zhou, 2002; Deng, 2007) .
The subgenus Cyclobalanopsis, otherwise known as ringcupped oaks and containing 122-150 species, is distributed in broad-leaved evergreen forests in tropical and subtropical regions of East and Southeast Asia (Soepadmo, 1972; Govaerts & Frodin, 1998; Huang et al., 1999) . As dominant elements in broad-leaved evergreen forests in East Asia (Huang et al., 1999; Luo & Zhou, 2001a) , members of Cyclobalanopsis play important roles in subtropical to tropical forest ecosystems (Xing et al., 2013) . It is important to study the fossil history of subg. Cyclobalanopsis to understand its speciation and biogeography history, as well as vegetation change in East Asia (Xing et al., 2013) . Consistent with the aforementioned broad distribution of Quercus, the genus has the most abundant fossil records and the widest distribution range compared to other genera within the Fagaceae. Fossil records of subg. Cyclobalanopsis are relatively rare, but the earliest record can be traced back to the Eocene in Japan, western America, and eastern Germany (Huzioka & Takahasi, 1970; Kva cek & Walther, 1989; Manchester, 1994) . In China, the earliest reliable subg. Cyclobalanopsis fossils were discovered from the Oligocene of Yunnan Province, southwestern China (WGCPC, 1978; Zhou, 1993) . Occurrences of the subgenus are dominantly in the form of fossil leaves. However, the record of fruits (acorns and cupules), the key diagnostic organ in the taxonomy of the Fagaceae, is limited, meaning that carpological evolution studies are limited by the deficiency of well-preserved acorns and cupules (Kva cek & Walther, 1989) .
This article reports the morphology and cuticular structure of an Oligocene fossil acorn, associated leaves, and pollen grains recovered from the Maoming Basin, Guangdong Province, South China, supporting its placement within Quercus subg. Cyclobalanopsis. The discovery that a fossil acorn of Quercus subg. Cyclobalanopsis occurred in the low latitude area of southern China provides significant new evidence regarding the historical phytogeography of the genus.
Material and Methods
The Cyclobalanopsis fossil acorn discussed herein was recovered from the Shangcun Formation in the middle of Maoming Basin (Fig. 2, 21°70 0 N, 110°89 0 E) located in southwestern Guangdong, South China. The Shangcun Formation mainly consists of gray to gray-black claystones containing organic material, oil, silt, and mud, including a few inferior oil shales, siltstones, lignite layers, and coal streaks (Nan & Zhou, 1996) . The age of the Shangcun Formation has been discussed for a long time. Wang et al. (1994) studied the magnetostratigraphy of Maoming Basin and suggested the late Eocene to the early Oligocene age for this formation. Nan & Zhou (1996) considered the age of this formation as middle Miocene based on the presence of Castanea miomolissima Hu & Chaney, Liquidambar miocenica Hu & Chaney, and pollen. Its age also has been discussed based on pollen assemblages and analysis of organic materials and has been recognized as late Oligocene to Pliocene (Yu & Wu, 1983; Li et al., 2006; Guo et al., 2009) . Recently, detailed analysis of palynocomplexes associated with the megaflora of the Shangcun Formation indicates a late early Oligocene age (Herman et al., 2017) .
Acorn and leaf fossils were photographed using a Canon EOS 500D digital camera (Canon, Tokyo, Japan). All the carbon components of the dry acorn specimen were removed and stored in a small glass bottle. Cuticular fragments from specimen MMB-032a (Fig. 3A , red rectangle) were prepared for examination using a scanning electron microscope (SEM) (JSM, Tokyo, Japan). Those from specimen MMB-032b (Fig. 3B , red rectangle) were macerated in distilled water for 20 min followed by treatment with Schulze's solution for approximately 1 h and 5-10% KOH for 10 min (Ye, 1981) . The cuticles were separated under a Leica S8 APO stereoscope (Leica, Wetzlar, Germany) and photographed under a Zeiss Axio Scope A1 light microscope (Zeiss, Baden-W€ urttemberg, Germany). Small cuticular fragments were also recovered from the leaf fossil. Remnant rock particles adhering to both the acorn and leaf fossils were removed using 40% hydrofluoric acid for 24 h. The specimens were then rinsed in distilled water and mounted on stubs, after which they were dried, coated with gold, and then examined and photographed using a JSM-6330F SEM.
We examined all available species of the genera Quercus, Lithocarpus, and Castanopsis represented in herbaria of the South China Botanical Garden, Chinese Academy of Sciences (IBSC, Guangzhou), Sun Yat-sen University (SYS, Guangzhou), Harvard University (HUH, Boston) and the University of Florida (FLAS, Gainesville). Finally, 15 extant species, representing all the morphological acorn and leaf characteristics comparable to the Maoming fossil acorn and leaves, from different geographic regions in East Asia, were selected for detailed comparisons (Table 1) . Acorn and leaf terminology follows Huang et al. (1999) and Dilcher (1974) (Fig. 3) Specific diagnosis Acorn elliptical, with 1/3 nut covered by a cupule; cupule shallowly bowl-shaped with rings; nut oblate; apex obtuse, with at least 13 longitudinal striations on the surface; remains of style exposed and slightly compressed. Ordinary epidermal cells predominately quadrangular with the rest sometimes triangular or polygonal. The cross-section of ordinary epidermal cells dominantly quadrangular with a few rounded. Trichomes solitary.
Holotype Acorn compression/impression (part and counterpart), 3B) Locality Maoming Basin, Guangdong Province, South China. Geological horizon Shangcun Formation, Early Oligocene. Etymology The epithet "shangcunensis" refers to the Shangcun Formation from which the specimens were collected.
Repository The Museum of Biology of Sun Yat-sen University, Guangzhou, China.
Description Acorn elliptical, 2.2 cm in height, 3.0 cm width; 1/ 3 of the nut covered by a shallowly bowl-shaped cupule; cupule 1.5 cm high, 3.0 cm wide, with 5 bracts in concentric rings (Figs. 3A, 3B) ; each bract 0.3-0.4 cm wide (Fig. 3C) ; nut oblate, apex obtuse, 1.8-2.0 cm in length, 2.3-2.4 cm in width, with at least 13 longitudinal striations on the surface (Fig. 3B) ; stylopodium persistent, ca. 1.8 mm in diameter (Fig. 3D) , scar 0.8 mm in diameter with many dot bumps. Ordinary epidermal cells predominately quadrangular with the rest sometimes triangular or polygonal triangular (Fig. 3F, yellow arrow) . The cross-section of ordinary epidermal cells dominantly quadrangular with a few rounded (Fig. 4A ). Trichomes solitary, 182.9 mm long, 7.4 mm wide (Figs. 3E, 4B, arrows) . Stoma consisting of two guard cells, 24.5 mm long and 29.1 mm wide (Fig. 4C, arrow) .
Notably, we found a fossil pollen grain on the surface of the acorn during examination under the SEM (Figs. 4D-4F ). The pollen grain is monad, elliptical, 14.8 mm wide in equatorial diameter, 20.3 mm long along polar axis (Fig. 4D) 
Discussion
4.1 Comparisons with extant and fossil taxa Acorns-Both the genera Quercus and Lithocarpus have distinctive acorns with a cupule enclosing a solitary nut and covered by ring-like bracts. In subg. Cyclobalanopsis, the acorns are solitary with the bracts of the cupule united and arranged in concentric rings; in subg. Quercus, they are not united or arranged in imbricate, scale-like, linear, or conical, adherent, prostrate, or reflexed positions (Huang et al., 1999) . In Lithocarpus, acorns are typically born in three clusters on one peduncle. Although some cupules might abort, they are still evident at the base of the developed ones (Huang et al., 1999 ) with a few species carrying solitary acorns ( Table 2 ; Soepadmo et al., 1995; Phengklai, 2008) . Here we compared the cupules of subg. Cyclobalanopsis with those of Lithocarpus with solitary acorns and found that the major differences between them are the arrangement of the bracts and the fruit-stalk (Fig. 7) . Bracts of Cyclobalanopsis are arranged in Table 2 ). Although acorns of L. lucidus (Roxb.) Rehder are sessile, the bracts are arranged spirally with the rings appearing oblique in lateral view (Figs. 7U, 7V ). The Maoming fossil acorn is solitary, sessile, and with bracts arranged in rings parallel to the cup rim in lateral view, which more resembles Cyclobalanopsis than Lithocarpus (Figs. 3A, 3B) . Therefore, the present fossil acorn with united and ringstructured bracts is considered as a member of subg. Cyclobalanopsis. Extant species of Quercus subg. Cyclobalanopsis have various-shaped united cupules of different sizes. The present species differs from all extant subg. Cyclobalanopsis species in East and Southeast Asia. After comparison with all available extant species, we found that 29 species have similar sizes of cupules (Table 3) . However, our fossil can be easily distinguished from these similarly sized species by the shape of cupules and the extent to which the nut is covered (Table 3 ). The present fossil has a shallow bowl-shaped cupule, the cupule covering one-third of the nut, and bracts with entire margins. It resembles Q. patelliformis Chun and Q. pachyloma Seemen in that the cupules cover approximately one-third of the nut, but they can be distinguished using features of the cupule shape and bract margin (Figs. 7A, 7B; Table 3 ). The present species displays some similarity with Q. hui Chun and Q. blakei Skan in possessing shallow bowlshaped cupules, but the fossil is distinct in that the cupules of the above two extant species cover the base of the nut instead of one-third of it ( (Table 3) . However, our fossil has a relatively smaller nut size and fewer rings than Q. albicaulis. Compared with Q. rex, the present fossil acorn has a smaller cupule, scar, and nut size (Table 3 ). Although our fossil has similar cupule appearance to Q. kerrii, the cupule of Q. kerrii encloses nearly all of the nut with entire or denticulate bract rings, whereas the cupule in the Maoming fossil covers only one-third of the nut with entire margined bracts (Figs. 7E-7H; Table 3 ). Our fossil is smaller than Q. sichourensis (Hu) C. C. Huang & Y. T. Chang and Q. disciformis Chun & Tsiang, whose cupules are 3.5-5 cm in diameter. Our fossil also differs from them in that they possess dentate bracts at the base. In addition, the cupule of Q. sichourensis encloses almost all of the nut, but Q. disciformis covers just the base, which is distinctly different from our fossil. In Q. helferiana A. DC., the cupule and nut sizes are 1-3 Â 2-3.5 cm and 1-1.5 Â 2-3 cm, respectively, with the cupule covering one-fifth of the nut and having bracts with entire margins (Table 3 ). The cupule and nut size in our fossil are close to Q. helferiana, but there are significant differences in respect of the percentage of the cupule covering the nut and scar size (Table 3) . Our fossil has a similar cupule diameter to Q. lenticellata Bamett, Q. lineata Blume, Q. oidocarpa Korth., and Q. oxyodon Miq., whereas the heights of those cupules are distinctly larger than that of our fossil. Additionally, our fossil and the four species above differ in that our fossil has entire-margined bracts, whereas the other species are denticulate or crenate (Table 3) . Compared with Q. valdinervosa Soepadmo, Q. gemelliflora Herb. Buerger ex Blume, Q. steenisii Soepadmo, Q. elmeri Merr., our fossil has a similar cupule diameter. However, these extant species have much longer nuts (Table 3) . Therefore, the species described here differs from the above 29 species in the shape of their cupules and the extent to which the cupule covers the nut, the characteristics of the bracts, scar size, and scar features.
Fossil acorns assignable to Quercus subg. Cyclobalanopsis have been reported from the Eocene to Pliocene. In the Eocene, two species, Q. paleocarpa Manchester and Q. naitoi Huzioka & Takahashi were reported from North America and Japan, respectively (Huzioka & Takahashi, 1970; Manchester, 1994) . The present specimen is distinguishable from these two species. The cupule of Q. paleocarpa is bowl-shaped, covering one-third to one-half of the nut, with undulate bracts, all these characters are unlike the specimen described here (Table 4) . Quercus naitoi has a 1.2-1.7 Â 0.7-1 cm, broadly elliptical, nut (Table 4 ). The nut of our fossil species is much larger than Q. naitoi (Table 4) .
In the Miocene, only one species, Q. heterobracteolata Hui Jia and Bai-Nian Sun has been described from Tiantai, eastern Zhejiang, China (Jia et al., 2015) . The present material is larger than this Miocene species, which is 0.7-1.4 cm high and 0.8-2.0 cm wide (Table 4 ). The Oligocene material discussed here is distinct from Q. heterobracteolata regarding the percentage of the cupule covering the nut and the architecture of the bract margins. The cupule of our Oligocene species covers one-third of the nut, whereas in the Miocene species the cupule almost completely encloses the nut except for the apex (Table 4) . Quercus shangcunensis has entire bracts, whereas the bracts of Q. heterobracteolata are undulate at the base and have an entire apex (Table 4 ). In the Pliocene, Quercus sp. was reported from Guangchang, Jiangxi, southeast China. That material is similar to our fossil in respect of the bract margin and the number of rings (Li & Guo, 1982) . However, our fossil differs from the Pliocene specimens in cupule size. From the Pliocene to Pleistocene, Q. championii Zhang is recognized by being 1.2 cm high and 0.7 cm wide, the cupule covering two-thirds of the nut, and with 6 bract rings and an entire margin (Zhang, 1978) . The cupule of Q. shangcunensis resembles that of Q. championii in regard to bract features, but can be distinguished from Q. championii by its larger and shallower cupule.
Pollen-Denk & Grimm (2009) investigated 54 species and 111 samples from all infrageneric groups of Quercus, except North American white and red oaks, and subdivided the pollen of the genus Quercus into six infrageneric groups: Cyclobalanopsis, Lobatae, Quercus, Protobalanus, Ilex, and Cerris based on their tectum patterns. Their study suggested that types of tectum ornamentation in Quercus are highly consistent at the infrageneric level with the highest systematic significance. Moreover, Deng et al. (2013) studied pollen exine sculpture of 17 evergreen species from Quercus subg. Cyclobalanopsis and Q. utilis, and concluded that pollen morphology provides little information for systematics at a specific level due to their limited variations. The present pollen grain shows the same rod-like tectum ornamentation of the Quercus infrageneric group Cyclobalanopsis (Figs. 4D-4F ). Thus it is reasonable for our fossil pollen to be referred to the infrageneric group Cyclobalanopsis, however, the specific recognition is not possible.
Associated leaf-Although the associated fossil leaf described here is only partly preserved, the leaf shape and venation indicate their closely affinity to Quercus subg. Cyclobalanopsis. The leaf ascribed to Quercus sp. described here is characterized by having an elongate elliptical leaf, straight secondary veins extending directly to the margin, a tooth morphology that is concave on its apical side and straight to concave its basal side, mixed percurrent (equally opposite and alternate percurrent) tertiary veins, an elongate cuneate base, and a long sturdy petiole, which is consistent with the basic morphology of Quercus subg. Cyclobalanopsis resembling the extant Q. gambleana A. Camus and Q. myrsinifolia (Blume) Oersted (Figs. 5, 6 ). Although some species of Castanopsis, such as C. calathiformis Rehder & E. H. Wilson, C. fissa Rehder & E. H. Wilson, C. clarkei Hook. f., C. indica A. DC., C. jucunda Hance, and C. choboensis Hickel & A. Camus, also have elliptical leaves, craspedodromous secondary veins and cuneate to obtuse bases, the tertiary veins of these Castanopsis leaves are mixed percurrent but dominantly opposite percurrent, and their teeth have concave apical sides and retroflexed basal sides. These characters differ significantly from those of our specimens and Quercus subg. Cyclobalanopsis leaves (Figs. 5, 8) . Additionally, the present fossil leaves are different from the above Castanopsis leaves in terms of leaf shape, tooth, base, and petiole form. The present fossil leaves are elongate elliptical with tiny teeth, cuneate bases, and long stout petioles, which is similar to C. calathiformis, C. fissa, and C. choboensis in terms of their elongated elliptical leaf shape and cuneate base. Moreover, the angles between secondary and mid veins at leaf bases in these three species are greater than 55°and even up 90°in C. calathiformis, whereas those in the present specimens are only 40° (Figs. 5, 8 ). In addition, the present specimens have longer petioles than the above Castanopsis leaves (Figs. 5, 8 ). Our fossil leaves are elliptical, and so different from C. clarkei, C. indica, and C. jucunda whose leaves are ovate to obovate with obtuse to rounded bases (Figs. 5, 8) . The above characteristics support our subgeneric identification to Quercus subg. Cyclobalanopsis rather than Castanopsis for our fossil leaves, but are insufficient for identification at the specific level due to the incomplete preservation of the leaves.
Biogeographic implications
Fossils assigned to Fagaceae have been widely reported from the Cretaceous, such as Fagus (Berry, 1916) and Quercophyllum chinkapinensis (Ward, 1905) from North America, Nothofagus (Dettmann & Playford, 1969) of Australia, Castanea from Canada (Rouse et al., 1971) , and Quercus from China (Di & Tao, 1982; Gao, 1982) . However, most of the Fagaceae fossil records from the Cretaceous have been considered unreliable (Wolfe, 1973; Zhou, 1993) . The earliest confirmed megafossil record of the Fagaceae is a pistillate inflorescence and dispersed fruits of the subfamily Castaneoideae and trigonobalanoids from the Paleocene-Eocene boundary of western Tennessee, USA (Crepet & Nixon, 1989) . Xiang et al. (2014) showed that Fagaceae had an estimated origin at 59.5 (50.6-66.1) Ma, and diversified before the Paleocene-Eocene boundary at 56.4 (50.5-63.2) Ma based on molecular data.
Quercus, a derived genus of the Fagaceae, has the most abundant fossil records, indicating that the genus was distributed throughout the Northern Hemisphere during the Cenozoic (Zhou, 1993; Larson-Johnson, 2016) . Those fossil records reported from the Upper Cretaceous and early Paleocene strata of North America (LaMotte, 1952) are doubtful due to missing stable morphology and anatomical structures essential for reliable comparison with extant species (Zhou, 1993) . Fossils indicate that Quercus was already distributed both in Eurasia and North America by the Eocene. The earliest reliable Quercus fossil records are leaves, fruits, or woods from the middle Eocene floras of Nevada and Oregon 
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Early Oligocene ring-cupped oaks from South Chinain North America (MacGinitie, 1941; Bones, 1979; Manchester, 1983; 1994) and the leaf with cuticles recovered from the Aschersleben flora of Germany in Europe (Kva cek & Walther, 1989) . Fossil records of the genus are also abundant from the Oligocene onward (Axelrod, 1956 (Axelrod, , 1966 (Axelrod, , 1992 (Axelrod, , 1995 (Axelrod, , 1998 (Axelrod, , 2000 Guo, 1978 Guo, , 2011 WGCPC, 1978; Zhang, 1978; Wolfe & Tanai, 1980; Takhtajan, 1982; Meyer & Manchester, 1997; Palamarev & Tsenov, 2004; Bhandari et al., 2009; Jia et al., 2009 Jia et al., , 2015 Hably, 2013; Xing et al., 2013; Xu et al., 2016) .
Cyclobalanopsis, a subgenus in Quercus, can be dated back to the middle Eocene and was scattered across Europe, Asia, and North America until the Miocene (Fig. 9) . In the middle Eocene, fossil leaves and acorns are known from the Nadu Formation of Nanning Basin (Guangxi Province, China) in Asia, the Aschersleben flora of Germany in Europe and Oregon, North America and considered as the oldest fossils belonging to subg. Cyclobalanopsis (Feng et al., 1977; Kva cek & Walther, 1989; Manchester, 1994) . These records indicate that the divergence of the subgenus must have occurred earlier than the middle Miocene and the genus Quercus most likely had originated at least by the Paleocene. The scattered distribution pattern in Eurasia and North America during the middle Eocene suggests that Quercus possibly originated in Eurasia and dispersed to North America by way of Beringia. During the late Eocene, the leaves and acorns of the subgenus were present in Japan, East Asia ( Fig. 9 ; Huzioka & Takahashi, 1970) . In the Oligocene, fossils of the subgenus were mostly distributed in Eurasia, including Abkhazia, Azerbaijan, Japan, and Yunnan, South China, further supporting the above hypothesis of a Eurasian origin (Fig. 9; WGCPC, 1978; Takhtajan, 1982) . In the Miocene, the subg. Cyclobalanopsis became widely distributed especially in East Asia, for example, Ha Noi in Vietnam, Noto Peninsula, Takaya in Japan, the Lincang, Duotang, Kaiyuan, Jianchuan, and Xianfeng areas of Yunnan Province, Tiantai in Zhejiang Province and Mangkang southeastern Tibet, China ( Fig. 9 ; Colani, 1916; Kryshtofovich, 1926; Huzioka, 1963; Ishida, 1970; WGCPC, 1978; Tao & Chen, 1983; Zhou, 1996; Xing et al., 2013; Jia et al., 2015; Xu et al., 2016) . From the Pliocene onwards, fossil records of Cyclobalanopsis became rarer, the reason being a possible dearth of appropriate strata or the climatic and environmental change at that time (Fig. 9) .
The majority of the fossil records of subg. Cyclobalanopsis are leaves; fossil acorns assignable to this subgenus are rare, only being reported from the middle Eocene of North America, the late Eocene of Japan, the Miocene to Pliocene of southeast and southwest of China, and the late Pleistocene of Nepal (Huzioka & Takahashi, 1970; Zhang 1978; Li & Guo, 1982; Manchester, 1994; Tao, 2000; Bhandari et al., 2009; Jia et al., 2015) . The acorn discussed here is the first Oligocene fruit record worldwide. Cyclobalanopsis acorns and leaves occurring in the early Oligocene of Maoming Basin, South China, suggest that Cyclobalanopsis arrived in the low latitude tropical and subtropical areas of South China no later than the early Oligocene. Combining the geological and extant distribution patterns, Zhou (1993) indicated that the modern distribution pattern of subg. Cyclobalanopsis became established in the Miocene. The regions with highest species diversity for the subgenus are restricted in South and Southwest China and the northern part of the Indo-China Peninsula, with endemic centers in Yunnan, Hainan, and Taiwan, China and Kalimantan Island ( Fig. 9 ; Luo & Zhou, 2001b) . Our fossil is evidence that the subgenus was present in one of its modern distribution centers by the Oligocene, suggesting that the modern distribution patterns of subg. Cyclobalanopsis most likely began in the Oligocene (Fig. 9) , supporting the prediction of Zhou (1993) . 
